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INTRODUCTION
The basilar artery (BA), formed by confluence of two vertebral arteries (VA), constitutes the spine of posterior cerebral circulation, which supplies the brainstem, cerebellum, temporal and occipital lobes of the cerebrum. Its atherothrombosis can lead to infarction of the brainstem and cerebellum, which comprise 20 % of all ischemic strokes (Bamford et al., 1991) . It is, among intracranial arteries, one of the first and most severely involved artery in atherosclerosis (Oladapo et al., 2013) . Its geometric features influence the occurrence of atherosclerosis and aneurysms (Efendic´ et al., 2014) . These parameters are also important for design, selection of, and molding devices during interventional neuroradiological procedures as well as mitigating complications of endovascular treatment, prognostication of cerebrovascular disease, during surgical, diagnostic and interventional radiological procedures (Wankhede et al., 2014) . Vascular geometry shows ethnic variation (Koch et al., 2009) . As stroke becomes more common in African countries (Owolabi et al., 2015) , there is greater need for local data on vascular geometry to inform its management in the posterior circulation. Reports on geometric features from black African populations, however, remain scarce. This study, therefore, investigated geometric features of vertebrobasilar system in an adult black Kenyan population.
MATERIAL AND METHOD
One hundred and seventy three brains from adults [99 males; 74 females, age range 20 -79 years] were examined at the Department of Human Anatomy, University of Nairobi, Kenya. The Kenyatta National Hospital Ethics and Research Committee granted ethical approval. Brains were weighed and divided into male and females groups. The arachnoid mater was then gently peeled off the brainstem to expose vertebral and basilar arteries. Angles of confluence and bifurcation were measured to the nearest point five. The level of confluence was taken relative to the bulbopontine junction. Internal diameter of the basilar artery was measured from haematoxylin/Eosin stained microscopic sections. In these cases, using a scion© image analyzer, the internal circumference was determined and diameter in millimeters calculated from the formula
where D = diameter, C = circumference and π = 3.14.
Length of basilar artery was measured between the point of confluence and that of bifurcation by two independent investigators, and the average to the nearest point five taken.
Data were analyzed using SPSS version 21.0 for Windows. Sex differences were analysed using the student t-test at 95 % confidence intervals where p value ≤ 0.05 was taken as significant. Results are presented in macrographs, tables and bar graphs.
RESULTS
The mean weight of the brains was 1250 g (Range 1140 -1450 g). The mean for males was 1265 g while that of females was 1230 g. The difference was not statistically significant (p = 0.064). In all the samples studied, the basilar artery was formed by union of two vertebral arteries. There were wide variations in level and angles of confluence and bifurcation, as well as in diameter and length.
Level and angle of confluence of vertebral arteries. In relation to the sulcus bulbopontinus, all the vertebral arteries united within 1.5 cm of it: 79.8 % united at, 11.5 % rostral and 8.7 % caudal to the junction. The mean angle of confluence was 46.7º ±17.7 [range 20 -100] and 68.9º ± 13.8 [range 31 -90] , in males and females respectively [p=0.042]. The angle was less than 30º in 13.1 % of males and none of females, and greater than 60º in 5 % of males and 58.1 % of females (Fig. 1) . Some examples of angles and level of confluence are depicted in Figure 2 .
Length and diameter of basilar artery. The overall mean length was 26.8 ± 1.7 mm (Table I) . It was different between males and females. In males, the mean length of the basilar artery was 26.3 mm while in females it was 27.1 mm in females (p=0.465). Thirteen (13.1 %) of males and 11 (14.9 %) of females had length > 30 mm. The sex difference was statistically significant (p=0.015). Table I . Length of basilar artery in black Kenyans.
Mean diameter was 3.52 mm; 3.32 ± 1 mm in males and 3.72 mm ± 0.5 in females. The difference was statistically significant [p=0.002].
Ten (13.5 %) of the females had diameter ≥4.5 mm, but no males had a diameter > 4.0 mm. Majority of the cases had diameter between 2.5 and 4.0 mm (Fig. 3 ).
Level and angle of basilar artery bifurcation. Most (164; 94.8 %) terminated at the ponto-mesencephalic junction. Only 9 (5.2 %) terminated rostral to the pontomesencephalic junction. There were no cases of caudal termination. All the 9 cases had caudal confluence. The mean angle of bifurcation was 99.88º±32.85 [range 45 -150º] It was wider than 90º in 82.9 % of males and in 95.9 % of females (Fig. 4) . The difference was statistically significant (p=0.032). In 85 (49.1 %), it was above 120º (Fig. 5) .
Examples of angles and levels of basilar artery bifurcation are shown in Figure 4 (A, B) . Besides wide and narrow angles, two other features were observed namely 5 cases where the basilar artery appeared to continue into one of the posterior communicating arteries (Fig. 4C ) and 4 cases in which there was a U -shaped bifurcation (Fig. 4D) . 
DISCUSSION
Geometric features of vertebrobasilar system show a wide range of variations, consistent with prevailing literature from other populations (Songur et al., 2008; Efendic et al.) . These variations may influence hemodynamics and hence preponderance to atherosclerosis and aneurysm (Efendic et al.) .
Level and angle of vertebral artery confluence. Level of confluence is important during basilar artery instrumentation. Observations of the current study reveal that in the majority (79.8 %), confluence occurred at the sulcus bulbopontinus, much higher than in the Polish and Turkish populations where 44.4 % and 20 % terminated at the sulcus bulbopontinus, 40 % and 67 % caudal, and 15 % and 12 % rostral to it respectively (Wójtowitz et al., 1989; Songur et al.) . It was nonetheless similar to the Indian population where 88.3 % cases terminated at the sulcus bulbopontinus (Patel et al., 2015) . Design and use of instruments should bear this in mind.
Angle of confluence plays an important role in the location of atherosclerosis (Glagov et al., 1988) . The angle of confluence averaging 46º in males and 68.9º in females is concordant with literature reports that it varies between 10º and 160º (Ravensbergen et al., 1996) . Large angles of confluence are geometric risk factors for atherosclerosis. Accordingly, the 21.4 % of Kenyan sample in whom the angle is larger than 75º and especially the females may be more susceptible to atherosclerosis of the vertebrobasilar junction.
Length and diameter of basilar artery. Basilar artery geometry strongly influences both skewing of the velocity profiles, wall shear stress distribution and progression of atherosclerosis (Lee et al., 2012) . Length of basilar artery ranges 24.8 -38.5 mm (Dodevski et al., 2011) . The average length was 26.8 mm, lower than 33 mm reported for the Polish study (Wójtowitz et al.) but higher than 23.5 -24.9 reported from Japanese and Indian studies (Pai et al., 2007; Tanaka et al., 2013) (Table II) .
BA dilatation is associated with both large artery atherosclerosis and cerebral small vessel disease such as lacunar infarcts, and deep white matter lesions (Ichikawa et al., 2011) . It is also related with aging and atherosclerotic risk factors (Ikeda et al., 2010) , intracranial bleeding, stroke mortality and cardiovascular death (Ubogu & Zaidat, 2014) . Increase in the diameter of BA increases risk of cerebrovascular events by 1.55 (Tanaka et al.) . The average diameter of 3.32 mm falls within the range of 3.3-4.5 mm reported in literature (Table II) .
A remarkable finding of the current study is that 24 (11 %) of arteries were longer than 29.5 mm. Out of these 11 (6.4 % of total) were wider than 4.5 mm and curved. They would therefore be considered to be dolichoectasic (Ubogu & Zaidat) . This (6.4 %) is higher than 0.06-5.8 % reported in prevailing literature (Xu et al., 2014) . Notably, it is higher than 4.4 % reported among an American population (Ubogu & Zaidat) and 0.8-1.3 among Japanese (Tanaka et al.) . The high incidence of dolichoectasia suggests a higher propensity to atherosclerotic cerebrovascular disease.
Length and diameter show wide diversity, probably due to methodological or ethnic differences. The latter may explain reported ethnic variation in basilar artery occlusive disease. These measurements are also important in prognosticating cerebrovascular disease. For example, basilar artery diameter >4.5 mm may be a marker for a high risk of fatal stroke (Pico et al., 2006 ). In the current study, over 6.4 % of individuals and over 10 % of females had diameters >4.5 mm, implying that if they suffered brain infarction, they would be at risk of high mortality. Basilar artery diameter may also influence neurological outcome in acute pontine infarction (Aoki et al., 2010) . The diameters are also important in the design of catheters for interventional neuroradiology, for mitigating complications of endovascular treatment. These dimensions and sex dimorphism must be considered during these procedures.
Bifurcation angle of basilar artery. The mean BA bifurcation angle was 99.9 ± 32.9º, consistent with literature reports that they vary between 30-180º (Vasovic et al., 2008) . Bifurcation angle influences distribution of atherosclerosis. Wide angles are associated with atherosclerosis and aneurysms. Aneurysms for example originate from bifurcation angles of 90º, and their presence might lead to basilar angle deformations more frequently in cases having an angle less than 90º, than in cases larger than 90º (Vasovic et al.) . Observations of the current study that 80 % have angles >90º suggest that they are more vulnerable to atherosclerosis and aneurysm.
Sexual Dimorphism. A notable observation of the current study is that length, diameter, confluence and bifurcation angles show sexual dimorphism. Similar sex differences have been reported in the anatomy of common carotid bifurcation (Krejza et al., 2006) and intracranial arteries (Lindekleiv et al., 2010) . The basilar artery was significantly wider in females, concordant with reported wider internal carotid (Krejza et al.) . It is, however, at variance with the conventional view that arteries are wider in males than in females (Lindekleiv et al.) . Such anatomical differences impact the pathophysiology of vascular disease (Lindekleiv et al.) and may explain the sex differences in the prevalence and distribution of atheroma. The differences also need to be considered in the design of devices.
CONCLUSION
Vertebrobasilar arterial system in the black Kenyan population has geometric features that are considered to be risk factors for atherosclerosis. These features display sex dimorphism which neurosurgeons and radiologists should be aware of during their diagnostic and interventional procedures. Studies on prevalence of aneurysms and stroke in this vascular territory are recommended. Meantime, individuals with risk prone geometric factors should be followed up for atherosclerosis.
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RESUMEN:
Las características geométricas del sistema vertebrobasilar influyen en la aparición de aterosclerosis en la circulación posterior, aneurismas, apoplejía, detectados durante procedimientos neurorradiológicos. Estas características muestran variación étnica, pero los datos de los africanos negros en el África Subsahariana son escasos. Este estudio tuvo como objetivo describir las características geométricas del sistema vertebrobasilar en una población negra de Kenia. Fue un estudio descriptivo cadavé-rico en el Departamento de Anatomía Humana de la Universidad de Nairobi. Se estudiaron 173 cerebros adultos (99 varones, 74 mujeres, rango de edad 20-79), fijados en formalina, de individuos que habían fallecido por causas no cerebrovasculares. Se midieron el nivel y ángulo de confluencia de la arteria vertebral, diámetro, longitud y bifurcación de la arteria basilar. Los datos fueron analizados por SPSS versión 21 para Windows. La prueba t de Student se utilizó para determinar las diferencias de sexo con un intervalo de confianza del 95 %. Los datos se presentan en macrografías, tablas y gráficos de barras. La confluencia de las arterias vertebra- Int. J. Morphol., 36(2):544-550, 2018. les se produjo en el surco bulbopontino en el 79,8 %; rostral al surco en 11,5 % y caudal al surco en 8,7 % de los casos. El ángulo medio de la confluencia de la arteria vertebral fue 46,70 y 68,90 en hombres y mujeres, respectivamente (p≤0,042). La longitud media de la arteria basilar fue de 26,8 mm; 26,3 mm en hombres y 27,1 mm en mujeres (p=0,465). El diámetro promedio fue de 3,52 mm; 3,32 mm en hombres y 3,72 mm en mujeres (p=0,002). El ángulo medio de la bifurcación de la arteria basilar fue de 120,30 ± 15,2; 99.30 ± 32,9 en hombres y 140,30 ± 16,1en mujeres (p=0,024). Era más amplio que 90º. En un 82,9 % de los hombres y 95,9 % de las mujeres (p=0,032) se observó un ángulo más amplio que 90°. En 85 (49,1 %) fue más amplio que 120°. El sistema vertebrobasilar en la población de Kenia tiene características geométricas que constituyen factores de riesgo para la aterosclerosis. Estas característi-cas muestran dimorfismo sexual que puede explicar las diferencias en la prevalencia de aterosclerosis y aneurismas. Los neurocirujanos y los neurólogos deben tener en cuenta estas diferencias. Las personas con características geométricas propensas al riesgo deben ser seguidas por aterosclerosis.
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